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METHOD FOR SHAPING A LAMINATE
SUBSTRATE

BACKGROUND OF THE INVENTION

The present invention relates generally to a method for
shaping a laminate substrate and more particularly to a
method for shaping a laminate substrate prior to chip join.

High production flip chip organic composite laminate sub-
strates are multi layer structures consisting of alternating
layers of conductive metallurgy and dielectric. Dielectric lay-
ers may be particle filled organic dielectric (build-up layers)
or particle and glass fiber filled organic dielectic (core). Lami-
nate substrates may have length and width in the range of 20
mm to 75 mm, while thickness varies in the range of 0.3 mm
to 3 mm. Individual build-up layer thicknesses are in the
range of 15 um for copper, 33 um for build-up dielectric and
100 um to 1 mm for core. Laminate substrates have typical
build-up dielectric coefficient of thermal expansion (CTE)
values of 46 ppm/degree C., and core CTE values of 15
ppm/degree C. Next-generation materials have typical build-
up dielectric CTE values of 20 ppm/degree C. and core CTE
values of 12 ppm/degree C. Copper material used in compos-
ite laminate substrate fabrication is considered to have a CTE
value of approximately 17 ppm over the temperature range of
interest. Composite CTEs of laminate substrates are in the
range of 15 ppm to 20 ppm. Room temperature dielectric loss
tangent values of next generation laminate substrate materials
are approx. 0.007, which are superior to current production
laminates, which have loss tangent values of approximately
0.017.

Due to differential expansion and cure shrinkage of various
composite laminate substrate materials during fabrication
and use, laminate substrates are non-flat at most tempera-
tures, but may approach a coplanar condition at a single
temperature. In particular, laminate substrate silicon chip
placement sites, due to high functional wiring density in that
location, display strong thermal warpage tendencies over
temperature. For best chip assembly yields, it is necessary to
control the shape of the chip site during the assembly process.
As the temperature of the laminate substrate varies widely
during flip chip solder reflow assembly, the shape of the chip
site also changes widely. It is necessary to control the shape of
the chip site in a non-flat condition to produce a desired range
of shapes at solder reflow chip join temperatures for best
assembly yields.

Due to CTE mismatch between copper and build-up lami-
nate substrate dielectric material and the usual interconnect
structure employed to fan out the signals in a flip chip inter-
connect, many sequential build-up flip chip laminate sub-
strates are concave at room temperature. These laminates may
invert to a convex shape during heating from room to solder
reflow temperature. Other laminates may be convex at room
temperature and invert to concave with heating. Other lami-
nates may be monotonically concave or convex over the tem-
perature range of interest. The magnitude of warpage varies in
all cases. Laminates may be convex over their full area, while
a chip site area in the center for single chip laminates may be
concave or convex. The shape of the laminate, particularly in
the chip site area at soldering temperature, is critical to the
joining process. In cases where laminates have cores with
thicknesses less than 600 um, or are coreless, a flat chip site
shape at joining temperature may be difficult to attain. Exist-
ing methods to achieve a flat laminate chip site shape at solder
reflow temperature have not been successful.

SUMMARY OF THE INVENTION

In a first aspect of the invention, a method includes char-
acterizing a laminate substrate for warpage characteristics
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over a range of temperatures. The method includes placing
the laminate substrate into a shaping fixture with any neces-
sary correction to obtain a flat laminate substrate chip site area
shape at a chip join temperature. The method further includes
shaping the laminate substrate at a temperature greater than or
equal to a maximum laminate substrate fabrication tempera-
ture. The method also includes removing the laminate sub-
strate from the fixture, wherein a shape of the laminate sub-
strate is retained.

In a first aspect of the invention, a method includes char-
acterizing a laminate substrate for full laminate and chip site
area warpage characteristics at room, shaping process and
chip join temperatures. The method includes determining an
assembly process flow point for laminate substrate shaping.
The method includes determining a shaping time and a ther-
mal processing temperature. The method includes placing the
laminate substrate into a shaping fixture with any necessary
warpage correction to obtain a flat chip site area shape at the
chip join temperature. The method further includes shaping
the laminate substrate for the shaping time at the thermal
processing temperature. The method also includes removing
the laminate substrate from the fixture.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is described in the detailed descrip-
tion below, in reference to the accompanying drawings that
depict non-limiting examples of exemplary embodiments of
the present invention.

FIG. 1 shows a top view of a presolder bumped laminate
substrate;

FIG. 2 shows a top view of a chip joined to the laminate
substrate;

FIG. 3 is a side view of FIG. 2;

FIG. 4A is a top view of a base plate according to an
embodiment of the invention;

FIG. 4B is a side view of FIG. 4A;

FIG. 5A is a top view of a base plate according to another
embodiment of the invention;

FIG. 5B is a side view of FIG. 5A;

FIG. 6 is a top view of a trap ring according to an embodi-
ment of the invention;

FIGS. 7A-7F are side and top views respectively of a center
button according to various embodiments of the invention;

FIG. 8 is a side view of a fixture according to an embodi-
ment of the invention;

FIG. 9 is a top view of an array or panel size fixture
implementation;

FIG. 10 is a top view of a 4-up fixture configuration;

FIG. 11 is a side view of a fixture implementation in stack-
able trays;

FIG. 12 is a flow chart for process steps according to an
embodiment of the invention;

FIGS. 13A-13F show laminate substrate warpage over the
full laminate and at the chip site area, at room, shaping pro-
cess and joining temperatures using digital image correlation
(DIC); and

FIG. 14 is a side view of a laminate substrate in a fixture
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides a method for shaping laminate
substrates, such as flip-chip plastic ball grid array (FCPBGA)
laminate substrates, during a thermal process, preferably the
final maximum thermal cure process either during or after
fabrication in a manner yielding a flat chip site shape at chip
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joining temperature. It has been determined that any laminate
substrate dwell of sufficient duration regardless of tempera-
ture, while pressing or deforming the laminate substrate using
afixture, can produce a predictable and repeatable benefit. By
shaping laminate substrates prior to chip join, the overhead
for custom and part number unique fixturing or stiffeners in
the chip join process may be eliminated. This pre-assembly
shaping method does not require custom coining tooling per
laminate substrate design and overcomes copper balance
issues. Also, sorting and rejection of laminate substrates for
defective shape is not required after forming.

It has been determined that laminate substrate dielectric
materials, particularly cyanate ester epoxy based materials,
are not completely cured during the laminate substrate fabri-
cation process. In addition, these materials can be perma-
nently deformed at temperatures above the glass transition
temperature. Copper metal used in laminate substrate fabri-
cation anneals at laminate substrate processing temperatures
or below and can be semi-permanently forced into a desired
shape without plastic deformation. Copper metal anneals at
room temperature conditions, although at a reduced rate. As a
result, it has been determined that at room or elevated tem-
perature, clamping in a predetermined shape for sufficient
time results in permanent or semipermanent deformation.
Using a fixture 86 as shown in FIG. 8, or other fixtures, the
laminate substrate may be forced into a desired shape which
is retained after fixture removal and through preparatory steps
for assembly, resulting in a flat chip site area during chip
joining.

FIG. 1 shows a top view of a presolder bumped laminate
substrate 10 having a presolder bumped chip site 15 and
capacitor presolder bumps 20. Laminate substrate 10 is
approximately 55 mm square, but could be larger or smaller.
Presolder bumped chip site 15 is approximately 20 mm
square, but could be larger or smaller. Presolder bump height
may be approximately 20 um, but could be taller or shorter.
Capacitor presolder bump height may be approximately 50
um, but could be taller or shorter.

FIG. 2 shows a top view of a chip 25 joined to laminate
substrate 10 at the presolder bumped chip site. Chip 25 is
approximately 20 mm square, but could be larger or smaller.
Chip 25 may be joined to laminate substrate 10 using con-
ventional methods.

FIG. 3 shows a side view of FIG. 2. Laminate substrate 10
is approximately 1 mm thick, but could be thinner or thicker.
Chip 25 is joined to laminate 10 with C4 solder balls 30.
Reference letter C denotes a chip site warpage measurement
area. Typical chip site warpages are up to 50 um and may be
convex or concave at room temperature, but are generally
concave at the chip interface. Reference letter FL. denotes a
full laminate warpage measurement area. Typical full lami-
nate warpages are approximately 50 um to 200 um and may
be convex or concave at room temperature.

Referring to FIGS. 4-8, a fixture 86 according to an
embodiment of the invention includes a base plate 40, a trap
ring 60 and a center button 70. The fixture 86 may be used for
controlling the shape of the laminate substrate 10 to produce
an optimum shape over the range of chip join temperatures.
The base plate 40 may be a flat plate larger in two horizontal
dimensions than the laminate substrate 10. In the vertical
direction, the base plate 40 has sufficient thickness to be
substantially free from out of horizontal plane distortion
down to micron levels resulting from thermal expansion over
the temperature range of interest, from room temperature to
solder joining temperature. The base plate 40 may be formed
with a recess 42 on one side, which approximately positions
the laminate substrate 10 within the fixture. The recess 42 is
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4

larger than the laminate substrate 10 in the horizontal plane.
The recess 42 is sized such that it does not constrain the
thermal expansion of the laminate substrate 10 over the tem-
perature range of interest, considering both the thermal
expansion of the base plate 40 and that of the laminate sub-
strate 10. The depth of the recess 42 may vary from only that
required for positioning ofthe laminate substrate 10, approxi-
mately 0.1 mm, to equal or greater than the thickness of the
laminate substrate. The base plate 40 may be formed with a
through opening 45 in the center positioned such that it is
centered on the laminate substrate 10 largely within the chip
site area. The opening 45 may contain features enabling mat-
ing with a center button 70 such that the height of the center
button 70 is adjustable with a high degree of precision, in the
range of 10 um.

Referring to FIGS. 7A-7D, these features may be a stepped
structure with a flat top 70 or a ring top 72, enabling the use of
controlled thickness shims 97 as shown in FIG. 14 for height
adjustment, or a threaded structure with a flat top 80 or a ring
top 82, such that height may be adjusted by rotation of the
center button, or by other similar means. Alternatively, the
center button 70 may be an integral part of the base plate 40 of
a fixed height. The recess 42 in the base plate 40 has an area
coplanar to the limit of fabrication capability at its peripheral
surface. The recess 42 may be fully coplanar for the majority
of'its perimeter over a narrow band enabling the capture ofthe
laminate substrate edge over the entire temperature range of
interest considering differential expansion. This coplanar
band width may be in the range of about 0.5 mm to about 5
mm, or larger.

Referring to FIGS. 5A-5B, according to another embodi-
ment of the invention, an alternative base plate 50 may
include cavities 53, outside of the coplanar band, formed in a
base plate recess 52 to provide clearance for protrusions such
as presolder deposits on the laminate substrate surface, such
that the laminate substrate surface is entirely supported by the
base plate 50 rather than any protrusions. Base plate 50 may
be formed with a through opening 55 in the center positioned
such that it is centered on the laminate substrate largely within
the chip site area. The opening 55 may contain features
enabling mating with a screw adjustable center button 70 such
that the height of the center button 70 is adjustable with a high
degree of precision, in the range of 10 um. Referring to FIGS.
7C-7D, these features may be a threaded structure with a flat
top 80 or a ring top 82, such that height may be adjusted by
rotation of the center button, or by other similar means.

Referring to FIG. 6, the trap ring 60 may be a frame sized
to mate with the base plate 40, capturing the laminate 10 at the
substrate periphery. The trap ring 60 may include an opening
65. The trap ring 60 width may be narrow such that it con-
strains the warpage shape of the laminate substrate 10 only at
its periphery in the area of the base plate coplanar band. The
laminate substrate 10 is fully constrained flat at its periphery
over the entire temperature range of interest. The width of the
trap ring 60 capturing the substrate periphery may be in the
range of 0.5 mm to 5 mm, more or less. Trap ring 60 may
contain openings 62 for inserting locating features 90 (as
shown in FIG. 8) into alignment holes 46 of the base plate 40
(as shown in FIG. 4B).

The trap ring 60 may be aligned with the base plate 40 by
locating features 90 such as dowel pins, a base plate recess
depth greater than the laminate substrate and trap ring pro-
trusion into that recess or by other positioning features. The
trap ring 60 is coplanar and substantially free of distortion
over the temperature range of interest. The trap ring 60 and
base plate 40 are fabricated such that movement and distor-
tion of the laminate substrate 10 in the height direction in the
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coplanar band area are entirely constrained over the tempera-
ture range of interest. Outside of the coplanar band area the
laminate substrate 10 is free to distort in the height dimension
away from the base plate 40, while constrained by the base
plate against movement downward. The force exerted by the
trap ring 60 against the laminate 10 and base plate coplanar
band is limited to the range of none to a few kilograms to
enable lateral movement of the laminate in the horizontal
direction during thermal expansion.

The center button 70 presents a substantially coplanar sur-
face to the bottom of the laminate substrate 10 over a limited
area in its center. Referring to FIGS. 7E-7F, this area may be
round 74 or rectangular 84 in shape and may be less than,
equal to, or greater than the laminate substrate chip site area
as needed. The center button coplanar surface may be a nar-
row ring entirely outside the chip site area such that minimal
substrate surface is contacted by the ring, permitting substrate
protrusions such as solder deposits both inside and outside the
chip site area without affecting the vertical height control of
the substrate surface by the center button. Alternatively, the
center button may be substantially flat over its entire top
surface, and may contact either the laminate substrate surface
or protrusions such as solder deposits as needed for vertical
height control. The center button contains features for loca-
tion and vertical height adjustment within the base plate such
as screw threads 80, 82 or a stepped shape 70, 72 permitting
the use of shims 97. When assembled in the base plate 40, the
height of the center button coplanar surface may be adjustable
independently of the base plate in the range of 0 to 200 um as
needed to produce the desired laminate shape result.

Referring to FIG. 8, in use, the center button 70 may be
assembled to the base plate 40 with vertical height adjusted to
an ideal level determined by experiment or modeling. The
laminate substrate 10 is oriented and placed within the recess
42 of the base plate 40, positioned approximately by that
recess. The trap ring 60 may be assembled over the laminate
substrate 10, positioned by its locating features 90. A con-
trolled load may be imposed on the trap ring 60 by some
means, such as a clamping feature, a force controlled spring
or a weight under the influence of gravity, forcing the lami-
nate substrate periphery into a coplanar condition against the
base plate recess coplanar band. This load must be limited to
the magnitude required to attain a laminate substrate coplanar
condition while permitting the laminate substrate to move
readily in the horizontal direction due to differential thermal
expansion, eliminating height distortion of the laminate sub-
strate during fixture use due to constraints on horizontal
movement. For typical applications using laminate substrates
with layer counts in the 6 to 14 metal layer range, the load
applied to the laminate may be in the range from a low of zero
to several kilograms or more. Base plate 40 may include a
plurality of feet 92.

Fixture 86 provides constraint to a coplanar shape in one
height direction. Fixture 86 provides freedom to move out of
plane in a controlled manner in the other height dimension.
Fixture 86 provides freedom to expand in the horizontal
direction thermally without constraint such that out of plane
distortion is not caused by constrained horizontal thermal
expansion.

In mass production, a fixture may be used singly as previ-
ously described or in an array 94 or panel size format as
shown in FIG. 9 where the array may be in the size of 10 or
more fixture pockets 95. FIG. 10 shows a top view of a 4-up
fixture configuration 99 according to an embodiment of the
invention.

The fixture center button may remain adjustable or may be
fixed to an appropriate height as previously determined. The
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trap ring may remain single, or be in an array format of the
size of the fixture pocket. A bottom of a base plate may be
formed to perform the function of the trap ring such that
fixtures are stackable trays 96 as shown in FIG. 11. The
required load may be imposed by the fixture stack. Stackable
fixtures may meet the requirements of JEDEC Publication 95
Design Guide 4.10, “Generic Shipping and Handling Matrix
Tray”, and be otherwise used for shipping and handling of
laminate substrates. Fixture material may be metal, polymer,
or composite, with the primary requirements that the material
and structure be free of thermal distortion over the tempera-
ture range of interest, and not contaminate or otherwise
degrade the laminate substrate during use. Laminate sub-
strates may be fabricated in an array format in panel form,
where panels may be as large as 0.5 metersx0.7 meters. Dur-
ing processing, these panels may be reduced to sub panels of
a fraction of original panel size. The laminate shaping fixture
may be developed for application at the panel or sub panel
level, where the pocket applies to the full area, and trap ring
and center button apply to individual laminates and chip sites
within the panel.

FIG. 12 shows a flow chart 100 for process steps according
to an embodiment of the invention. In step 110, laminate
substrates are characterized for warpage characteristics overa
range of temperatures, such as room, shaping process and
chip join temperatures, using digital image correlation (DIC)
as shown in FIGS. 13A-13F. Other thermal imaging tech-
niques, such as shadow moiré, may also be used to character-
ize the laminate substrates. For a given laminate substrate
design or cross section (stack up of copper and dielectric
materials of specified thickness) a normal or typical laminate
substrate shape is determined for each of a specified range of
temperatures. This normal shape may be determined over a
statistically significant number of laminate substrates repre-
sentative of the variations in the production process, includ-
ing typical variations over time. Warpage shape may be char-
acterized for both the full laminate and laminate chip site area
over the range of temperatures of interest, such as 25 degree
C. room temperature, 125 degree C. shaping process and 245
degree C. chip join, as shown in FIGS. 13A-13F, or other
temperatures. Of greatest concern is the shape of the chip site
area which must be manipulated to the desired condition at
temperature. The shape ofthe laminate periphery is of interest
primarily due to its ability to influence the laminate chip site
shape.

In step 120, an optimum assembly process flow point for
laminate substrate shaping is determined. Typical processing
flow point areas may include, but are not limited to final cure,
prepackaging dry bake, shipping or pre-assembly dry bake. A
thermal process may also be implemented solely for the pur-
pose of laminate substrate shaping.

In step 130 shaping time and processing temperature are
determined. A processing temperature may be determined for
laminate substrate shaping either by experiment, or by con-
sideration of shaping opportunities within the production pro-
cess. Shaping may be performed at lower temperatures for
longer duration or at higher temperature for shorter duration.
The normal laminate substrate shape change (thermal
warpage) between the proposed shaping process temperature
and the assembly chip join temperature may be extracted
from DIC or shadow moiré measurement results by subtrac-
tion. In addition to permanent or semi-permanent laminate
substrate shape change through processing, typical laminate
substrate relaxation or spring back on removal from the shap-
ing fixture may be determined experimentally and compen-
sated for in shaping fixture setup. Thus, the fixture will correct
the laminate substrate warpage at chip join temperature by
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forcing a predetermined shape at the shaping process tem-
perature which also compensates for laminate substrate relax-
ation upon release from the fixture.

In step 140 the laminate substrate is placed into the shaping
fixture with any necessary correction, such as the number of
shims 97 required in shaping fixture 200 as shown in FIG. 14
(or height of a threaded button). The shims may be used in a
given fixture corresponding to a given laminate or group of
laminates. The fixture configuration may be 1-up, 4-up, 10-up
and the like. The shaping fixture may be adjusted to compen-
sate for the difference between the usual laminate substrate
shape at joining temperature and a flat chip site condition.
Based on warpage characterization by DIC or shadow moiré,
or determined by experiment, it is determined if center button
70 is required in the fixture to achieve the desired laminate
substrate shape. It has been determined that where overall
laminate substrate warpage is large and monotonic outside
the chip area (following a continuous curve), the laminate
substrate warpage shape will invert when clamped by the base
plate 40 against the trap ring 60, achieving the desired con-
ditioning shape without the use of center button 70. Where
overall laminate warpage is small or complex in shape, a
center button may be required. The orientation of the laminate
substrate in the fixture (die side up or die side down) may be
determined in either case. Adjustment is made to the height of
the center button 70 as needed. Referring to FIG. 13E, the
chip site is concave by about 10 um at the shaping process
temperature. At the chip join temperature, the chip site is
convex by about 80 um as shown in FIG. 13F. The fixture may
be configured as shown in FIG. 14 to obtain a flat shape at chip
join temperature. It has been determined in this case that
spring back from shaping by an 8 hour bake at 125 degree C.
is approximately 20 um. In addition to center button height,
other shaping parameters such as chip site side up or chip site
side down may be established to cancel joining temperature
laminate substrate warpage. Center button height or inverted
laminate center distance from the base plate is typically in the
range of 0-150 um for cored and coreless laminates in the
range of 8-12 metal layers. The fixture may be single or array
type. The laminate substrates may be singulated or in panel
form. The laminate substrates are loaded into the preset shap-
ing fixture and submitted to the shaping process, which may
vary widely in temperature and duration.

In step 150 the laminate substrate is shaped using the
predetermined time and processing temperature conditions of
step 130. Typical process times at temperatures significantly
below solder reflow temperatures may be in the range of about
1 to 8 hours, but could be longer or shorter. Shaping process
temperatures may be in the range from about 23 degree C. to
200 degree C., but could be higher or lower. Shaping may be
performed in an oxygen free environment to preserve the
condition of surface finish on both copper and solder mask
surfaces. JEDEC style shipping trays may have shaping fea-
tures incorporated into their design and may be used to shape
laminates over extended duration in shipping and storage at
room temperature.

In step 160, at an appropriate point in the assembly process,
the laminate substrate is removed from the fixture after it is
shaped and returned to the assembly process flow. The lami-
nate substrate continues unconstrained through chip join and
module assembly. The time and temperature allowable for
shape retention prior to assembly is strongly dependant on the
time and temperature used for the shaping condition. It has
been determined that higher temperatures and longer dwells
lead to a more permanent deformation, while lower tempera-
tures and shorter dwells lead to a temporary deformation.
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The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

The description ofthe present invention has been presented
for purposes of illustration and description, but is not
intended to be exhaustive or limited to the invention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the invention. The embodiment
was chosen and described in order to best explain the prin-
ciples of the invention and the practical application, and to
enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

The invention claimed is:

1. A method, comprising:

characterizing a plurality of laminate substrates for

warpage characteristics over a range of temperatures to
determine a typical laminate substrate shape at each
temperature range;
based upon characterizing the plurality of laminate sub-
strates, determining if a center button is included within
a shaping fixture;

placing a subsequent laminate substrate into the shaping
fixture with any necessary adjustment of the center but-
ton to obtain a flat laminate substrate chip site area shape
at a chip join temperature;

shaping the subsequent laminate substrate at a temperature

greater than or equal to a maximum laminate substrate
fabrication temperature; and

removing the subsequent laminate substrate from the fix-

ture, wherein a shape of the subsequent laminate sub-
strate is retained.

2. The method according to claim 1, wherein the plurality
of laminate substrates are characterized by using digital
image correlation (DIC).

3. The method according to claim 1, wherein the plurality
of laminate substrates are characterized by using shadow
moiré.

4. The method according to claim 1, further comprising
characterizing chip site areas of the plurality of substrates for
warpage characteristics to determine a typical chip site shape
at each temperature range.

5. The method according to claim 1, wherein the range of
temperatures includes a plurality of temperature ranges from
25 degree C. to 245 degree C.

6. The method according to claim 1, wherein the shaping
the subsequent laminate substrate is performed in an oxygen
free environment.

7. The method according to claim 1, further comprising
determining an orientation of the subsequent laminate sub-
strate in the shaping fixture.

8. The method according to claim 7, wherein the orienta-
tion is chip site area down.

9. The method according to claim 7, wherein the orienta-
tion is chip site area up.

10. A method, comprising:

characterizing a plurality of laminate substrates for full

laminate and chip site area warpage characteristics at
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room, shaping process and chip join temperatures to
determine typical full laminate and chip site area shapes
at each room, shaping process and chip join tempera-
tures;

based upon characterizing the plurality of laminate sub-
strates, determining if a center button is included within
a shaping fixture, determining an assembly process flow
point for laminate substrate shaping and, determining a
shaping time and a thermal processing temperature;

placing a subsequent laminate substrate into the shaping
fixture with any necessary adjustment of the center but-
ton to to obtain a flat chip site area shape at the chip join
temperature;

shaping the subsequent laminate substrate for the shaping
time at the thermal processing temperature; and

removing the subsequent laminate substrate from the fix-
ture.

11. The method according to claim 10, wherein the plural-

ity of laminate substrates are characterized by using digital
image correlation (DIC).
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12. The method according to claim 10, wherein the plural-
ity of laminate substrates are characterized by using shadow
moiré.

13. The method according to claim 10, wherein the shaping
time is in a range from about 1 to about 8 hours.

14. The method according to claim 10, wherein the shaping
process temperature is in range from about 23 degree C. to
about 200 degree C.

15. The method according to claim 10, wherein shaping the
subsequent laminate substrate is performed in an oxygen free
environment.

16. The method according to claim 10, further comprising
determining an orientation of the subsequent laminate sub-
strate in the shaping fixture.

17. The method according to claim 16, wherein the orien-
tation is chip site area down.

18. The method according to claim 16, wherein the orien-
tation is chip site area up.
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